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ABSTRACT OF THE DTSCi nSTrnF 

A composite conductor comprises strands of conductor material forming a conductor 
bundle of generally rectangular shape, the strands being insulated from each other within the bundle. 
An insulating sleeve of homogeneous polymeric material surrounds the conductor bundle; the 
insulating sleeve also having a rectangular shape. The polymeric material of the sleeve is filled with 
at least one insulating filler material which conducts heat more efficiently than the polymer alone, and 
a coating of conductive material from a corona shield on the inner and outer surfaces of the insulating 
sleeve. By virtue of its construction and the materials it uses, the composite conductor provides a 
high efficiency winding for the stator of an electrical machine. The invention also includes a stator 
having a winding comprising the composite conductor and manufacturing methods for the composite 
conductor and the stator. - 



PROPOSED NEW CT ATMS 

24. A composite conductor for use as a winding of a high voltage electrical 
machine^ comprising: 

a) a plurality of strands of conductor material forming a conductor bundle 
which in cross-section is of generally rectangular shape, the strands being insulated from each other 
within the bundle; 

b) an insulating sleeve of substantially homogeneous polymeric material 
surrounding the conductor bundle, the insulating sleeve also having a generally rectangular shape in 
cross-section, and the polymeric material being filled with at least one electrically insulating filler 
material which conducts heat more efficiently than the polymer alone; and 

c) conductive material forming a corona shield coating at inner and outer 
surfaces of the insulating sleeve. 

25 . The composite conductor according to claim 24, the conductor bundle having 
radiused comers to minimize electrical stress concentrations. 

26. The composite conductor according to claim 25, the corners having radius 
dimensions up to about 5 mm. 

27. The composite conductor according to claim 26, the radius dimensions being 
between 2-3 mm. 

28. The composite conductor according to claim 24, the insulating sleeve having 
substantially rectilinear corners. 

29. The composite conductor according to claim 28, the corners of the insulating 
sleeve having a radius of not more than about 1 mm. 



30. The composite conductor according to claim 24, the strands in the bundle of 
conductor material being collectively twisted around a longitudinal centerline of the conductor 
bundle, thereby to reduce winding losses from eddy currents, 

3 1 . The composite conductor according to claim 24, the at least one insulating 
filler material in the polymer insulating sleeve being at least one of a metallic oxide and a metallic 
nitride. 

32. The composite conductor according to claim24, the polymeric sleeve material 
comprising a high-temperature resistant polymer. 

3 3 . The composite conductor according to claim 32, the polymeric sleeve material 
comprising at least one of fluoropolymer and an aromatic polymer. 

34. The composite conductor according to claim 24, the conductive coating 
material comprising at least one of a graphitic and a silicon based material. 

35. The composite conductor according to claim 34, the conductive coating 
material comprising at least one of a high-temperature resistant polymer and a paint material which 
has sufficient of the conductive material incorporated therein to render it conductive. 

36. The composite conductor according to claim 34, the conductive coating 
material being an extruded film. 

37. The composite conductor according to claim 24, the conductor strands being 
insulated from each other by means of a high-temperature resistant insulating coating applied to each 
strand during manufacture of the strands before their incorporation into the conductor bundle. 

3 8 . The composite conductor according to claim 24, the conductor strands being 
insulated from each other by means of impregnation of the conductor bundle with a curable high- 
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temperature resistant insulating material during incorporation of the strands into the conductor 
bundle. 

39. A process of making a composite conductor, comprising the steps of 

a) gathering together a plurality of strands of conductor material into a 
conductor bundle and twisting the bundled strands bodily about a longitudinal centerline of the bundle 
to form a twisted conductor bundle; 

b) impregnating the conductor bundle with a curable high-temperature 
resistant insulating material, the impregnation occurring one of simultaneously with the gathering and 
twisting process and subsequent thereto; 

c) applying a coating of conductive material to an exterior of the twisted 
conductor bundle to form a first, inner, corona shield; 

d) extruding an insulating sleeve of homogeneous polymeric material onto 
the coating of conductive material on the conductor bundle, the polymeric material having been 
previously filled with at least one insulating filler material which conducts heat more efficiently than 
the polymer alone; 

e) applying a coating of conductive material to an outer surface of the 
insulating sleeve to form a second, outer, corona shield; and 

f) providing each strand of the conductor material with an insulating 
coating by at least one of coating the strands before the formation of the conductor bundle, and 
coating the strands during the impregnating step. 

40, The process according to claim 39, in which after twisting of the bundle, the 
bundle is formed to a predetermined cross-sectional shape. 
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41. The process according to claim 40, in which the predetermined cross-sectional 
shape is rectangular. 

42. The process according to claim39, in which the impregnated conductor bundle 
is partially cured before the coating of conductive material is applied to the exterior of the conductor 
bundle. 

43. A stator for a rotary electrical machine, comprising: a laminated steel core 
provided with a plurality of radially oriented slots extending longitudinally of the stator, each slot 
housing a winding comprising a plurality of turns of a single length of a composite conductor, 
successive turns of the composite conductor being in contact and in radial registration with each 
other, the composite conductor including 

a) a plurality of strands of conductor material forming a conductor bundle 
which in cross-section is of generally rectangular shape, the strands being insulated from each other 
within the bundle; 

b) an insulating sleeve of substantially homogeneous polymeric material 
surrounding the conductor bundle, the insulating sleeve also having a generally rectangular shape in 
cross-section, and the polymeric material being filled with at least one electrically insulating filler 
material which conducts heat more efficiently than the polymer alone; and 

c) conductive material forming a corona shield coating at inner and outer 
surfaces of the insulating sleeve. 

44. A stator for a rotary electrical machine, comprising: a laminated steel core 
provided with a plurality of radially oriented slots extending longitudinally of the stator, each slot 
housing a winding comprising a plurality of turns comprising a plurality of lengths of a composite 
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conductor, successive turns of the composite conductor being in contact and in radial registration 
with each other, the composite conductor including 

a) a plurality of strands of conductor material forming a conductor bundle 
which in cross-section is of generally rectangular shape, the strands being insulated from each other 
within the bundle; 

b) an insulating sleeve of substantially homogeneous polymeric material 
surrounding the conductor bundle, the insulating sleeve also having a generally rectangular shape in 
cross-section, and the polymeric material being filled with at least one electrically insulating filler 
material which conducts heat more efficiently than the polymer alone; and 

c) conductive material forming a corona shield coating at inner and outer 
surfaces of the insulating sleeve. 

45. The stator according to claim 43, the winding being retained in its slot by a 
high thermal conductivity, electrically insulating retaining means fixed in the radially outer end of the 
slot. 

46. The stator according to claim 44, the winding being retained in its slot by a 
high thermal conductivity, electrically insulating retaining means fixed in the radially outer end of the 
slot. 

47. A method of making a stator for a rotary electrical machine, comprising the 
steps of: providing a laminated steel core with a plurality of radially oriented slots extending 
longitudinally of the stator, each slot housing a winding comprising a plurality of turns of a single 
length of a composite conductor, successive turns of the composite conductor being in contact and 
in radial registration with each other, the composite conductor including a plurality of strands of 
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conductor material forming a conductor bundle which in cross-section is of generally rectangular 
shape, the strands being insulated from each other within the bundle, providing an insulating sleeve 
of substantially homogeneous polymeric material surrounding the conductor bundle, the insulating 
sleeve also having a generally rectangular shape in cross-section, the polymeric material being filled 
with at least one electrically insulating filler material which conducts heat more efficiently than the 
polymer alone; providing conductive material forming a corona shield coating at inner and outer 
surfaces of the insulating sleeve; in which the conductor bundle has been impregnated with a curable 
high-temperature insulation material and is wound onto the stator core while the curable high- 
temperature insulation material is only partly cured, attaching support means to the composite 
conductor where it is unsupported by the stator slots, and heat treating the completed stator to cure 
the curable high-temperature insulation material and produce a rigid stator winding. 
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„ AMENDED CLAIMS 

Lreceived by the International Bureau on 6 September 2000 (06.09,00); 
original claims 24-26 cancelled; original claim 8 amended; 
Claims 11-22 renumbered as claims 12-23 other claims unchanged (3 pages)] 

7. A composite conductor according to any preceding claim, the strands in tiie 
bundle of conductor material being collectively twisted around the longitudinal 
centreline of the conductor bundle, thereby to reduce winding losses from eddy 
currents. 



8. A composite conductor according to any preceding daim, the at least one 
insulatitig filler material in the polymer Insulating sleeve being a metallic oxide and/or a 
metallic nitride. 



1 0 9. A composite conductor according to any preceding claim, the polymeric sleeve 
material comprising a high'-temperature resistant polymer, 

10, A composite conductor according to claim 9, the polymeric sleeve material 
comprising a fluoropolymer or an aroma:dc polymer. 

15 

11, A composite conductor according to any preceding claim, the conductive 
coating material comprising a graphitic or colicon based material. 

12, A composite conductor according to daim 11, the conductive coating material 
20 comprising a high-temperature reastant polymer or paint material which has sufiBcient 

of the conductive material incorporated therein to render it conductive. 

13, A composite conductor according to claim 11 or claim 12, the conductive 
coating material being an extruded film. 

25 

14, A composite conductor according to any preceding claim, the conductor 
strands being insulated from each other fay means of a high-temperature resistant 
insulating coating applied to each strand during manufecture of the strands before their 
incorporation into the conductor bundle, 

30 
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15. A composite conductor according to any one of claims 1 to 13, the conductor 
Strands being insulated from each other by means of impregnation of the conductor 
bundle with a curable high-temperature resistant insulating material during 
incorporadon of the strands into the conductor bundle. 

5 

16. A process for making a composite conductor, comprising the steps of 
gathering together a plurality of strands of conductor material into a conductor 

bundle and twisting the bundled strands bodily about a longitudinal centreline of the 

bundle to fomi a twisted conductor bundle, 
1 0 impregnating the conductor bundle with a curable high-temperature resistant 

insulating material, the impregnation occurring one of simultaneously ^th the 

gathering and twisting process and subsequent thereto, 

applying a coating of conductive material to the exterior of the twisted 

conductor bundle to form a first, inner, corona shield^ 
15 extruding an insulating sleeve of homogeneous polymeric material onto the 

coating of conductive material on liie conductor bundle, the polymeric material having 

been previously filled with at least one insulating filler material which conducts heat 

more effidentiy than the polymer alone, and 

applying a coating of conductive material to the outer surface of the insulating 
20 sleeve to form a second, outer, corona shield- 
wherein each strand of conductor material is provided with an insulating 

coating by at least one of coating the strands before the formation of the conductor 

bundle^ and coating the strands during the in^regnation step. 

25 17. A process according to daim 16, in which after twisting of the bundle, the 
bundle is formed to a predetermined cross-sectional shape. 

18. A process according to claim 17, in which the predetermined cro&s-sectional 
shape is rectangular. 

30 
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19. A process according to any one of claims 16 to 18, in which the impregnated 
conductor bundle is partially cured before the coating of conductive material is applied 
to the outside of the conductor bundle. 

5 20_ A stator for a rotaiy electrical machine, comprising a iardnated steel core 
provided with a plurality of radially oriented slots extending longitudinally of the 
stator. each slot housing a winding comprising ^ plurality nf turn?3 afn P^ingle length of 
a compofflte conductor constituted according to claim 1, successive turns of the 
composite conductor being in contact and in radial registration with each other. 

10 

21. A stator for a rotaiy electrical machine, compri^ng a laminated steel core 
provided with a plurality of radially oriented slots e?ctending longitudinally of the 
stator, each slot housing a winding comprising a plurality of turns comprising a 
plurality of lengths of a conqjosite conductor constituted according to claim 1, 

15 successive turns of the composite conductor being in contact and in radial registration 
vwth each other. 

22. A stator according to claim 20 or claim 21, the winding being retained in its 
slot by a high thermal conductivity, electrically insulating retaining means fixed in the 

20 radially outer end of the slot. 

23. A method of making a stator constituted according to claim 21 or claim 22, in 
\diich the conductor bundle has been impregnated with a curable high-temperature 
insulation naaterial and is wound onto the stator core while the curable faigh- 

25 temperature insulation material is only partly cured, attaching support means to the 
composite conductor where it is unsupported by the stator slots, and heat treating the 
completed stator to cure the curable high-temperature insulation material and produce 
a rigid stator winding. 
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IMPROVEMENTS IN ELECTRICAL M ArnffTNKS 



This invention relates to electrical machines and in particular to insulated electrical 
conductors suitable for use as excitation windings on the stators of high voltage 
5 eiectrical machines, for example, machines operatii^ at voltages greater than 3KV. 

Known types of exdtation winding for the stators of such machines generally comprise 
solid rectangular copper conductors which are electrically itisulated from each other 
and from an earthed laminated steel core on which tiiey are wound- Materials used to 
1 0 insulate the conductors are chosen so as to have properties - such as thickness, thennai 
conductivity, dielectric strength^ and pennittivity - which are appropriate to the size of 
the machine, applied voltage and temperature rise. 

The power output of a rotating dectrical machine (whether a motor or a generator) is 
15 a fimction of the pitJperties of the laminated magnetic steel core, the excitation 
windings and their operating temperature. An "dz*^/ co&ffi^enf' or "'specific torque 
coefficient" of such machfaies is often quoted as a useftil means of comparing the 
power outputs of machines of differing design. Its units are torque per unit volume and 
it may be derived by dividing the machine's power output by the volume of the stater 
20 within the air*g^ periphery. 



Having been the subject of industrial manufecture for over 100 years, rotating 
eiectrical maclunes are considered a mature product using mature technologies. Over 
the century of production the materials and processes used in the construction have 
25 evolved slowly resulting in a steady increase in output coeflScient (about 3 0% per 
annum) for the most popular machines. Recently^ their evolutionaiy progress has 
slowed down and has now reached a plateau, suggesting that fiorther development is 
either unlikely or will be very slow. 
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It is necessary to externally insulate the stator windings of such machines frora each 
other and the stator core. It is also necessary to internally insulate the windings by 
iosuiating the conductors from each other within the winding. The insulation materials 
presently used to perform the ixisulation function have only limited ability to withstand 
5 high temperatures, with modest electric strength properties and generally poor thermal 
conductivity. Furthermore, during op^ation of the machines, heat is . generated due to 
electrical losses in the winding conductors^ but the poor thenual conductivity of the 
insulation materials results in poor transfer of the heat, and this in turn inhibits the 
output coefficients of the machines on which the insulation materials are used. 

10 

Since there are only small diSbrences between the stator winding insulation systems 
used currently by ieaifing manufacturers of machines^ the thermal and didectric 
perfermance of such systems is sinular. Typrically, all use combinations of mica, 
polyester film and woven glass materials impregnated with synthetic resins. The mica is 
15 xjsed in the form of a so-called ^^p^^' vrfnch is supported by either polyester film or 
woven glass and is wrapped around the conductors to insulate them from external 
contact. To complete the insulation process, they are vacuum pressure impregnated 
with the synthetic resin (for example, an epoxide resin) as the last process after 
posittoning the winditigs into the stator. 

20 

It is an object of the pr^ent invention to inwove the output coeffidoits of electrical 
machines and hence reduce thdr capital cost per KW output of electrical energy by 
increasing the heat transf«* capability of their stator conductor vwndings. This is 
achieved in the invention by means of a novel type of composite conductor. 

25 

According to the present invention, a composite conductor for use as a winding of a 
high voltage electrical machine comprises: 

a plurality of strands of conductor material forming a conductor bundle which 
in cross-Section is of generally rectangular shape^ the strands being insulated from each 
30 other within the bundle. 



09/28/01 FRI 08:18 [TX/RX NO 6492] @]008 



wo 00/60721 



PCT/GBOO/01112 



-3- 

an insulatmg sleeve of substantially homogeneous polymeric material 
surrounding the conductor bundle; the insulatmg sleeve also having a generally 
rectangular shape in cross-section and the polymeric material being filled with at least 
one electrically insulating filler material which conducts heat more efficiently than the 
5 polymer alone, and 

conductive material forming a corona Rhi^id coating 2t the kmer and outer 
surfaces of the kisuiating sleeve. 

The conductor bundle is impregnated with a curable high-temperature resistant 
1 0 insula ti ng material, such as a synthetic resin or polymer material, whereby the cured 
composite conductor is rendered sufiSdently strong and rigid to enable its use in the 
windings of electrical machines. 

It should be noted that the term 'Vectei^ular^ as used herein includes shapes which are 
IS square (having four sides aD of substantially equal dimen$iotts) and rectangles and 
squares having rounded comers. 

A composite conductor in accordance with the invention, by virtue of its construction 
and the mat^ials it uses, provides a high eQ.ciency winding for the stator of an 

20 electrical machine. Due to its filler inateria}(sX the insulatitig sleeve not onfy has 
superior dielectric strength properties which permits operatmg at reduced sleeve wall 
thidcness and/or increased electric stress, but also has ranch hi^o" thermal 
conductivity and thermal capability (ten^ierature resistance) than known windings. The 
higher thermal conducti^ty permits a considerable increase in the heat transfer 

25 capability fi"om the composite conductor into the stator core, which may be cooled by 
heat exchange with ducted airstreams. Furthermore, insulation of the conductor 
strands from each other substantially reduces high firequency eddy current losses in the 
stator winding, and the conductive surface coating on the insulation sleeve contributes 
to enabling safe operation at higher electric stresses at the surface of the sleeve. The 
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net result of the ^ove is that the output coefl&ciem is substantially increased and hence 
the capital cost of the delivered power is substantially decreased. 

Preferably^ the comers of the conductor handler's rectangular shape are radiused to 
5 minimise electrical stress concentxations. The radius dimension may be up to 5 mm.^ 
preferably between 2-3 mm,^ but it is preferred that the comers of the insui^tin fr sleeve 
are substantially rectilinear, having a radius of not more than about Imm. 

Preferably, the strands of conductor materia! are coliectivdy twisted around the 
1 0 longitudinal centrdine of the conductor bundle in a similar manner to which the strands 
in a rope are twisted about the longitudinal centreline of the rope. This angular/spatial 
transposition of the strands of conductor material longitudinally of the bundle due to 
its twist inherently cancels eddy cmrents as th^ arise, substantially reducing or 
elixmnating the associated losses. 

15 

The at least one insulating fifier material in the polymer insulating sleeve is preferably a 
metallic oxide and/or a mmllic nitride. 

The polymeric sleeve material preferably comprises a high temperature polymer, e.g. a 
20 polymer sheeted &om the groups conq>rising fluoropolymers or aromatic polymers, 
and the conductive coating material for reducing electric stress variations at the 
sur&ces of the composite conductor may conq>rise a graphitic or silicon-based 
material^ preferably a high-temperature resistant polymer or paint material which has 
sufficient of the conductive material incorporated therdn to render it conductive. 

25 

Preferably the stiands of con(^ctor material comprise copper, but other materials may 
be useable, such as alumirmnn or silver. Whatever the material from which the 
conductor strands are made, it is preferred they are insulated from each other by means 
of a coating of high-temperacin-e resistant synthetic resin or polymer material on each 
30 strand. This may be achieved either by impregnation of the conductor bundle with a 
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resin or precursor polymer material in its uncured state, or perhaps more conveniently 
and reliably by using conductor strands that have been previously manufectured with 
an insulating coating before being incorporated into the conductor bundle. Both these 
conductor coating techniques are well known in the art, 

5 

The invention fizrther envisages a process for making the above composite coxiductor^ 
comprising the steps of; 

gathering together a pharality of strands of conductor material to fonn a 
conductor bundle, 

10 impregnating the conductor bundle with a curable high-temperanire resistant 

insulating material, the impregnation occurring one of simultaneously with the 
gathering process and subsequent thereto, 

applying a coatxzsg of conductive material to the exterior of the twisted 
conductor bundle to form a jBrst, inner, corona shieid^ 

15 extmding an insulating sleeve of homogeneous polymeric material onto the 

coating of conductive material on the conductor bimdle, the polytneric material having 
been previously filled with at least one insulating filler material which conducts heat 
more e£Sciently than the polymer alone^ and 

applying a coating of conductive material to the outer surface of the insulating 

20 sleeve to form a second, outer^ corona shield; 

wherein eadhi strand of conductor material is provided with an insulating coating by at 
least one of coadng the strands before the formation of the conductor bundle, and 
coating the strands during the impregnation step. 

25 We prefer that the conductor bundle is formed into a generaliy rectangular shape 
during or subsequent to the gathering process. We further prrfer that subsequent to the 
formation of the conductor bundle^ the bundled strands are twisted bodily about a 
longitudinal centreline of the bundle to form a twisted conductor bundle. 
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Wh^reas it is known to impregnate the insulating Avrappings of bar conductor windings 
witib synthetic resin after they have been asseriAIed onto the stator, then partially or 
wholly to cure the resin, it is envisaged that in the present invention, impregnation 
occurs before the composite conductor is wound onto the stator, the composite 
5 conductor then being woimd onto the stator while the resin or precursor polymer 
material is uncured or only partly cured. This fecilitates the impregnation process while 
allovwng easy manipulation of the composite conductor during the stator winding 
process before the resin is fiiHy cured, 

10 The invention also includes a stator for a rotary electrical machine comprising a 
laminated steel core provided with a plurality of radially oriented slots extending 
longitudinally of the stator, each slot housing a winding cotnpnsiitg dtiser a plurality of 
turns of a single length of the above compoate conductor, or a plurality of turns 
con^rising a plurality of lengths of the above composite conductor, successive turns of 

15 the composke conductor being in contact and in radial regtstzation with each other. 
The winding is retained in its dot, prrferably by a Hgji thermal conductivity, 
electrically insulating retaining mean$ fixed in the radially outer end of the slot. 
Preferably, the retaining means is a filled polymer composttion hawng relatively high 
thermal conductivity compared to the polymer in its unfilled state. 

20 

The retaining means may comprise an extru^on which is forced into the end of the 
slot 

It should be understood that the materials mentioned herein in connection with 
25 composite conductors according to the invention are best estimate of which materials 
will probably be suitable. 

Exen^lary embodiments of the invention will now be described with reference to the 
accompanying drawings^ in which: 
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Figurejj5 a perspective view of part of the inside of a stator of a rotary 
electrical machine provided with a conventional winding; 

Figure^ 2 is a cross-section of a composite conductor according to the present 
invention; 

5 HgureSJs a cross-section of an alternative composite conductor according to 

the present invention; 

Figure 4 is a radial section through part of a stator according to the invention, 
showing a stator slot containing a vending comprising six turns of the composite 
conductor shown in Figure 2; 
10 Figure 5J^s a diagrammatic representation of a process for manufacturing a 

composite conduaor according to the invention. 

Referring to Figure 1, there is shown the inner drcumference of one end of a stator 10 
of an A,C, electrical machine. The stator is intended to encirde the rotor (not shown) 
15 of the electrical machine. As is conventional, the stator body is composed of a large 
nimiber of steel laminations and is formed with a large number of radially oriented slots 
1 2 which extend longitudinally of the stator body. 

Each slot 12 houses an ^citation winding 14, successive "ttnns" 14A, 14B of which 
20 cotitact each other and are in radial rej^stration wittdn thdr slot. The windings are 
retained in thdr slots by wedges 16, mzdo of a suitable polymer insulation material, 
sudi as filled epo:dde rei^ During manu&cture of the stator, wedges 16 are forced 
into po^on within the mouths of the slots 12, 

25 The loops or 'turns" of the windings each comprise solid rectangular copper 
conductor bars I4B which are pre-formed to the correct shape to enable their 
installation into the stator slots. The conductor bars are electrically insulated firom each 
other and from the earthed steel core by wrappings of mica paper on polyester support 
film, the wrappings being pressure-impregnated with epoxide resin and cured later, 

30 
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To enable the constmction of the stator winding 14 from pre-formed lengths of 
conduaor bar, each turn of the winding consists of a plurality of lengths of conductor 
bar whose ends 15 projecting from the stator core are bent at compound angles as 
shown, these ends being brazed or otherwise securely joined together in ^ectrical 
5 contact (not shown) to complete the turn. The ends of radiaUy adjacent conductor bars 
I4A, 14B are bent in opposing directions. 

As Figure 1 shows, whore the ends of the conductor bais I4A, 14B, etc., project from 
the ends of the slots 12, packing blocks IS, 20 are inserted between adjacent 

10 conductor bars, packing blocks 18 bemg adjacent the end of the stator core and 
packing blocks 20 b^g spaced away from the stator core. Various of the packing 
blocks 18, 20 and the bent portions of some of the conductor bars 14A and I4B have 
been removed at the lowar left of Figure 1 to show the construction more clearly. The 
packing blocks are moulded to shape, being made up from glass cloth bags containing 

1 5 glass mat lammate filler pieces impregnated with epoxide rean. Packing blocks 20 are 
bound to die adjacent conductor bars with glass fibre tape 22_ 



After assembly of the stator vwnding and insertion of the padking blocks, assembly of 
the stator is completed by tying the bent portions 15 of the conductor bars 14 A, 14B, 

20 to support rings 24, 26 using glass fibre cord 28. The packing blocks and the sopport 
rings provide support to the ends of the conductor bars and prevent vibration during 
service. Finally, the stator assembly is heat-treated at an appropriate curing 
temperature for its resin-impregnatcd portions, this temperature being below that 
which would cause deterioration of the polyester film component of the conductor 

25 wrappings. 



Turning now to Figure 2, a composite conductor 30 is shown in cross-section and is 
intended to be used as a stator wmdrng of a high voltage electrical machine, thereby 
substituting for the wrapped solid conductor bars 14 A, MB of Figure 1_ Unlike the 
solid conductor bars, however, the core of composite conductor 30 comprises a large 
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number of strands 3 1 of conductor mateaiai formmg a conductor bundle 32. Preferably, 
the strands 3 1 of conductor material comprise copper, but other materials may be 
useable, such as aluimnium (cheaper, but not such a good electrical conductor as 
copper) or sUver (expensive, but a better electrical conductor). A typical dimension for 
5 an individual strand of conductor material is likely to be of the order of 0. Imnx, so it 
will be appreciated that the number of strands 31 needed to form a conductor bundle 
32 is likely to be much larger than that diagrammatically indicated in Figure 2, and 
their cross-sections will consequCTtly appear smaller relative to the total cross-section 
of the composite conductor 30. 

10 

Conductor bundle 32, although of generally rectangular shape, has rounded comers 34 
to minimise ^ectriical stress concentrations during operation of the electrical machine. 
The dimensions of the conductor bundle's comer radii R are in the range 0.5 to 5 mm - 
2-3 mm. may be optimum. 

15 

To reduce high frequency ed(fy current losses in the stator winding, the bundle of 
copper strands 32 is bodily twisted around the longitudinal centreline C of the 
composite conductor 30 in a similar manner to which the fibres in a rope are twisted 
about the longitudinal centreline of the rope. It should be noted that the spatial 
20 transposidon of the strands of conductor material longitudinally within the bundle due 
to its twist inherently cancds eddy currents as they arise. 

An insulating sleeve 36 of high temperature polymer material (e.g,, a fluoropol3aner or 
an aromatic polymer) surrounds the coiuluctor bundle. In accordance Avith the 

25 invention, the polymer is homogeneously filled with an insulating material which 
conducts heat more efficiently than the polymer alone. This is e?cplained fiuther below. 
The insulating sleeve has a rectangular shape in cross-section, but unlike the shape 
adopted for the conductor bundle^ it is preferred that the comers of the insulating 
sleeve are not substantially rounded, i,6, the long and short sides of the insulating 

30 sleeve meet substantially at right angles. However, there may be a small radius present. 
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say up to about lmm,y due to the manufecturing process and the need to apply a 
corona shield coating evettly to the surface of the insulation sleeve. The total width W 
and height H of the insulating sleeve 36 is substantially unifonn in the lateral and 
lengthwise dh-ections of the composite conductor. The sleeve's wall thickness Tl is 
5 similarly unifomi, except of course in the regions adjacent the rounded comers 34 of 
the conductor bundle 32, 

Thickness Tl should ideally be as small as possible consistent with adequate electrical 
insulaticn properties, because a thin wall for the sleeve 36 enables more rapid 

1 0 conduction of heat away from the bundle of conductor strands 32 and also allows a 
larger conductor bundle to be included in the composite conductor for the same overall 
size of compo;^ conductor. The latter point is illustrated by reference to Figure 3, 
\^ch shows an altema^ve embodimem: of the invention in which the thickness T2 of 
the sleeve is about twice that of thickness Tl in Figure 2, It will be noticed that the 

15 imtnber of conductor strands 31 that can be included in the composite conductor is 
much less in Figure 3 than in Figurie 2. 

Ordiuaiy polymer sleeves for ^ectiic cables are extruded onto the conductor or 
conductor btmdle by means of an extrusion head tiarough the centre of which nms the 

20 conductor to which the sleeve is applied. This is a well known and understood process. 
A polsmer sleeve hawng a waS thidmess of about O.lmm can be produced by known 
extrusion processes and it is preferrcd that the thickness of the polymer sleeve in the 
invention (excluding the comer regions) should be in the range 0.4 to 2.00mm. For 
example, a typical value for Tl could be about O.Smm, preferably 0,65tam, and a 

25 typical value for T2 could be about 1mm 

In order to prnnit operation of the composite conductor 30 with as small a value of Tl 
as possible, the invention provides that the polymeric material from wtach the sleeve 
36 is made is homogeneously compounded with one or more powdered materials 
30 which conduct heat more efficaently than the polymer alone. These materials may be 
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metallic oxide or metallic nitride fillers, such as aluminium oxide or aluminium xzitride. 
As a result, the insulating sleeve 36 not only has superior didectric strength properties 
which permits operating at reduced tfaicknesSj but also has much higher thermal 
conductivity and temperature resistance than known windings. The approximate 
5 vofume ratio of polymer to filler material may be 10% to 75%. 

To obtain low eddy cxnrent losses and hence good electrical efficiency of the 
composite conductor 30 in its role as a cmrrent canyiug stator winding in an electrical 
machine, the individual conductor strands 31 in the conductor bundle 32 are insulated 
1 0 from each other according to the invention. As discussed in more detail below, this can 
be achieved by impregnating the conductor bundle with a syntiietic resin material^ such 
as an epoxide resin, and/or using conductor strands that have been previously provided 
with an insulating coating. Such pne-coated wires are routinely used in the production 
of windings for small electrical machines, being wound straight onto a rotor or stator. 

15 

Bcdxsre or during the application of the insulating sleeve to the conductor bundle a thin 
coating of conductive material e.g^ a graphitic or silicon-based material, such as a 
carbon-filled high-temperature resistant polymer, is applied so as to form a corona 
protective shield on the inside surface of the of the extruded polymer, i.e., at the 

20 inter&ce between lie insulating sleeve and the conductor bundle, I>uring or after the 
application of the insuiatii^ sleeve to the conductor bundle, a thin coating of the same 
or a mnilar conductive material is appfied to the outside surface of the insulating sleeve 
so as to form a corona protective shield thereon. The external coating is indicated by 
the dotted line 38 surrounding the sleeve 36 in Figure 2 (the inner corona shield is not 

25 shown). The purpose of the conductive coatuig material is to equalise the electric 
stresses on the sur&ce of the composite conductor during operation of the electrical 
machine and thereby avoid localised breakdown of the rosulation afforded by the 
insulating sleeve 36. We have found that both inside and outside surfaces of the 
insulating sleeve should be provided with the conductive corona shield coating to 
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provide good equalisation of the electric stresses at the surface of the composite 
conductor 

A suitable thickness for the inner and out«- corona shields is m the range about 0 J to 
5 0.3mm, preferably at the lower end of this range. As alteady stated, a polymer film of 
this thickness is known to be extmdable and therefore the inner and outer corona 
shields may be applied fay means of extrusion, as hereafter described. Alternatively, the 
inner corona shield may be ^plied by winding a thm tape of the conductive material 
onto the conductor bundle before the insulating sleeve is applied thereto and the outer 

1 0 corona shield may be applied by windii^ a thin tape onto the outside of the msulating 
sleeve after the msulattng sleeve has been applied to the conductor bundle. As yet a 
fiiniier alternative, the corona shields may be appHed in the manner of a coat of paint; 
for instance, before application of the insulating sleeve to the conductor bundle, the 
latter may pass th2X)ugh a bath of the corona shield material held as a suspension or 

15 solution in a suhable liquid and after the insulating sleeve has been applied it may 
similarly be passed through such a bath. However, in such a process it will be 
necessary to ensure that the inner corona shield has adequately dried or cured to form 
a fle?dble high ten^jerature resistant coating before application of the insulating sleeve 
to the conductor bundle occurs. Similaiiy, the outer corona shield coating must have 

20 dried or cured to form a flexible higji t emp e rat ure resistant coating before further 
h a ndl i n g of the conq>osite conductor occurs, such as winding it into the slots of the 
electrical machine. 

To fecilitate the impregnation process while allowing easy manipulation of the 
25 composite conductor during the process of producing the winding on the stator core, 
the composite conductor is impregnated before the composite conductor is wound 
onto the stator and fully cured only after it has been wound onto the stator. As 
explained lat^, impregnation may occur at the time wbm the individual strands of 
conductor material are gathered together and consolidated into the conductor bundle, 
30 before application of the insulating sleeve. We prefer then to partially cure the resin, so 



wo 00760721 



PCT/GBOO/01112 



^ 13- 

that the composite conductor is stiB flexible enough to be wound directly onto the 
stator, with optional intervening storage on a drum for later use. The compieted stator 
is heat-treated at a temperature below that at which deterioration of the filled polymer 
sleeve aiui the corona shield occurs, thereby fiilly curing the resin to make the finished 
5 stator winding rigid. 

Turning now to Figure 4, it is shown how the composite conductor 30 of Figure 2 may 
be used to fonn a complete stator winding. The stator 40 of a rotary electrical machine 
comprises a laminated sted core 42 provided with radially oriented slots extending 

1 0 longitudinally of the stator. In the broken-away sectional view, only one of the slots 44 
is shown. It houses a winding 46 comprismg a plurality of turns or loops of the 
composite conductor 30. Each turn conveniently contprises a single length of the 
compose conductor^ or altemattvely, two or more Sorter lengths of composite 
conductor may be spliced together to complete one turn. As can be seen, successive 

15 turns 30A, 30B, etc, of the compodte conductor are in contact and in radial 
registration with each other. It ^ould be noted that the rectangular shape of the 
compose conductor minimises air voids in the finished winding, enabling 
geometrically exact production of the winding without pre-foiming of rigid bar 
conductors, as was necessary in the prior art. The winding is retained in its slot 44 by a 

20 high thernial conductivily, electrically insulating retaining wedge 48 fixed in the radially 
outCT end of the slot. The wedge may be an extrusion comprising a filled polymer 
material, such as an epoxide resin, and may be driven into the slot fix>m the end face of 
the stator. 

25 In connection with the rectangular shape of the conductor bundle and the insulating 
sleeve, it should be particularly noted that besides the better packing characteristics of 
the composite conductors in the machine slots, the extra thickness T3-T1 (Figure 2) of 
the insulation at the comer of the conductor bxmdle effectively reduces the electric 
stress at the comer to approximately the same value as that on the flat sides of the 
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conductor bundle. Such reduction in peak electric stresses m the windings contributes 
to an ability of the machine to op^^ite at higher loadings. 

During production of the stator^ the inherent flexibiiity provided by the polymer 
5 insulation sleeve, the thin corona shield coatings, the thin conductor strands and the 
uncured or partially cured resin on the conductor strapds, nftmiits ease of positioning 
of the conductor in the slots in the stator core to form a winding. However, after heat- 
treatment to cure the resin ^cunng being at a temperature lower than the temperature 
at which the filled polymer insulation sleeve and the corona shield coatings begin to 
1 0 deteriorate), the rigidity provided by the fiilly cured resin on the conductor strands 3 1 
enables the finished stator winding to withstand the operational impressed forces. Note 
that where the compose conductor winding 30 is not within the slots 44, it may be 
supported by support rings and packing blocks as shown for the known arrangement in 
Figure 1, 

T5 

A possible process for making the composite conductor v^Il now be described with 
reference to Hgure 5, At the left of Hgure 5^ many pre-insulated wke strands 31 of 
copper or other conductor material are drawn together &om storage reels (not shown) 
and passed through a bundle forming head I to produce a conductor bundle 32. Within 

20 the head I are means, well known in the art of cable-making, whereby tJne strands 3 1 
are forou^ together, formed into a bundle and the bundle is bodily twisted around the 
centre^e of the bundle. At the same lime as the strands 3 1 are being foimed into a 
bimdle, the bundle is impr^nated with an ^oxy resin or shnilar binding and 
strengthening agent resistant to high temperatures; alternatively, this impregnation 

25 process may be a pressure impregnation process, as known, the pressure impregnation 
b€ang accomplished immediately after the conductor bundle has been formed and either 
within the head I or following it. The final process within head I (which may in practice 
be carried out in a separate head, not shown) is to finally form and consolidate the 
conductor bundle into the required rectangular ^ape of the present invention by 

30 passing it through a suitably shaped die. 
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The head I is heated so as to partiafly cure the rean as the conductor bundle passes 
therethrough, thereby prodxjcing a conductor bundle which has good cohesion, yet is 
still suffiraently flrable to be wound onto a large diameter storage drum SI for later 
5 use. Alternatively, the partly cured bundle passes straight on as indicated through the 
centre of an aimular die in extruding head II, whereby a conductive filled polyroer film 
is extruded onto the outsdde of the conductor bundle 32 to form a first, inner, corona 
shield. Thereafter, the coated conductor bundle passes through the centre of a fiirther 
annular die in extruding head lEE, whereby a filled polymer insulating sleeve is extruded 

10 onto the outside of the first corona shield. Effectively, this first corona siueld thereby 
foixns a conductive coating on the inner sur&ce of the insulating sleeve. Finally, by a 
siuiilar process to that described for head a second, outer^ corona shield is applied 
to the insulating sleeve in extruding head IV, so completing the formation of a 
composite conductor 30, The conqjosite conductor 30 can then be wound onto a large 

1 5 diameter storage drum S2 for later use. Altemarively, as indicated by the dashed arrow 
line, it can pass strai^hA: into a fiirtiier manufacturing stage for producing windings for 
electrical machines. As mentioned previously^ final curing of the conductor bundles is 
accomplished by heating^ after the composite conductor has been fixed into the 
winding slots in an dectrical machine, as shown in Figure 4, 

20 

It has been said above that the wire strands 31 are pre-iisuiated, mearung that during 
their manufectore they have been provided with a tfam coating of suitable epoxy resin 
or high temperature resistant polymer, as known. However, as an alternative to the use 
of pre-insulated wire strands, it may be possible to rely on the resin impregnation 
25 process which occurs in head I to insulate the strands 31 fi-om each other within the 
finished conductor bundle. This wOl be a matter for determination by routine 
experimentation. 

Although in Figure 5 the strands are shown being gathered together into a bundle in a 
30 one-stage process, in practice, due to the large number of strands required to make a 
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conductor bundle, this first part of the process may requite a number of parallel stages 
in which a number of sub-bundles are produced in corresponding bundle-producing 
heads, each bundle having been impregnated with resin therein as described previously, 
the sub-bundles then being brought together to form the final twisted rectangular 
5 conductor bundle 32, 

it will be evident that the above process may be used to produce compo^te conductors 
having cross-sectional shapes other than rectangular, e,g, circular. 
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CLAIMS 

1. A composite conductor for use as a winding of a high voltage electrical 
machine, comprising: 

5 a plurality of strands of conductor material forming a conductor bundle which 

in cross-section is of generally rectangular shape, the strands being insulated from each 
other within the bundle^ 

an insulating sleeve of substantially homogeneous polymeric material 
surrounding the conductor bundle; the insulating sleeve also having a genially 
1 0 rectangular shape in cross-section and the polymeric material being filled with at least 
one electrically insulating filler xnaterial which conducts heat more effidently than the 
polymer alone, and 

conductive material forming a corona shield coatmg at the inner and outer 
surfaces of the insulating sleeve. 

15 

2. A composite conductor according to daim I, the comers of the conductor 
bimdle's rectangular shape bdng radiused to minimise electrical stress concentrations. 

3. A composite conductor according to claim 2, the radius dimensions of the 
20 comers of the conductor bimdie being up to about 5 mm, 

4. A composite conductor according to claim 3, the radius dimensions being 
between 2-3 mm. 

25 5. A composite conductor according to any preceding dainL, the comers of the 
insulating sleeve being substantially rectilinear, 

6. A composite conductor according to claim 5, the comers of the insulating 
sleeve having a radius of not more than about I nun. 
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